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The Effect of Sunlight on The Growth, 
Production and Reproduction of 
Dairy Cattle 
Thomas M. Olson 
Department of Dairy Husbandry 
Agricultural Experiment Station 
South Dakota State College of 
Agriculture and Mechanic Arts 
Brookings, S. D. 
The Effect of Sunlight on 
The Growth, Production, and Reproduction 
of Dairy Cattle 
By Thomas M. Olson* 
The need of sunlight for the well being of infants has long been re­
garded of vital importance. Its aid in the prevention of rickets has been 
known and recognized for some time. The beneficial effects of sunlight 
for poultry and hogs also have been fully established. 
The fact that wild animals living under natural conditions, and there­
fore exposed to direct sunshine do not have rickets indicates that this 
malformation of the bones so common among pigs and poultry, main­
tained under certain domesticated conditions, is the result of either feed 
or housing conditions or both. 
The factor which sunlight supplies to humans and lower animals is 
known as vitamin D. This vitamin is essential to the proper utilization 
of calcium and phosphorus in building bones and teeth. Without vitamin 
D the animal organism cannot build normal bones, and as a consequence 
malformations, such as bowed legs, cocked ankles, humped backs, and 
cramped chests occur. These are visible characteristics which result when 
vitamin D is lacking. Other difficulties follow unless this vitamin is pro­
vided either in feed or sunlight. 
In the work herein reported, the experiment was planned to measure 
the need and potency of dfrect sunlight on the growth, production and 
reproduction of dairy cattle. 
Review of Literature 
Mitchell and Keith (1924) concluded that direct sunlight may serve 
the same purpose in promoting growth in animals1 when exposed to sun­
shine as the anti-rachitic vitamin. "Experiments with babies, rats, 
puppies and chickens have established this fact," they state. 
Luce (1924) reported the effects of sunlight and diet upon the anti­
rachitic properties of cow's milk. When the cow was maintained in a 
dark stall there was a marked decrease in the anti-rachitic properties of 
the mi1k. Improvement in the anti-rachitic properties of the milk followed 
when green feed was substituted for dry feed. A decided improvement 
in the anti-rachitic properties of the milk ensued when the cow was 
turned out onto summer sunlight. From these observations the author 
concludes that the anti-rachitic properties of milk depend on the diet of 
the cow, and possibly on the degree of exposure to sunlight. 
Gullickson and Eckles (1927) maintained two calves from the ages of 
one week to two years in a dark pen, without affecting the growth or 
reproduction of the calves. The calves grew normally and conceived 9n 
first breeding, giving birth to normal offspring. These calves were fed 
a ration typical of that fed on dairy farms in Minnesota. 
* The author wishes to acknowledge .the cooperation of Prof. Turner Wright of the 
Animal Husbandry Department who selected, and supervised the weighing and feeding of 
the pigs used in these trials. 
The following students assisted with the experiment: Ray Smith, George Steele, 
Ralph Zebarth, Edwin Hansen and Wm. U. Gardner. Mr. Gardner performed the analyti­
cal work. 
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Morrison and Rupel (1927) also concluded that calves could be raised 
without access to direct sunlight. 
Olson (1926) in a Self-feeder Experiment found that calves main­
tained on a free choice of grain and high protein concentrates, and alfalfa 
ad libitum developed ricket-like conditions. Two of the calves on this ex­
periment showed bowed legs, cocked ankles and humped backs. The others 
indicated less marked malformation of the bones. These calves were con-
fined to stanchions during the trials. 
. 
Rupel, Bohstedt and Hart (1931), found that the ash from two and 
one-half pounds of alfalfa hay was sufficient to prevent ricket-like con­
ditions from developing. 
Gullickson, Palmer and Boyd, ( 1 935) found that prairie hay is a 
source of the protective factors, against the ricket-like conditions; In" the 
same work is reported an explanation for results obtained by Gullickson 
and Eckles ( 1 927) in an earlier experiment in which timothy ha§. pro­
vided the protective factors against the ricket-like conditions. 
Huffman (1929) found that good hay carries factors for growth found 
in cod liver oil. These factors in cod l iver oil are known to be vitamin 
A and D. 
Rupel, Bohstedt and Hart (1933) reported that calves fed rations 
deficient in vitamin D became stiff and slow in gait and developed bowed 
knees and cocked ankles, characteristic symptoms of rickets. 
Bechdel and associates (1933) concluded that the anti-rachitic vitamin 
is essential to the normal growth
' 
and development of calves. Without it 
ricket-like conditions will develop. They found that this condition was 
prevented if the calves were fed high quality sun-cured hay. 
Wallis, Palmer and Gullickson ( 1935) found prairie hay to contain 
from 15 to 30 Steenbock units of vitamin D per pound. They reported 
when calves consumed from four to six pounds of such hay per day, the 
calves did not develop the ricket-like condition. 
The foregoing is a part of the experimental work which indicates that 
bovine must receive vitamin D for normal growth and well being. Further 
that this vitamin is available from sunlight, and roughages which have 
been cured in direct sunlight. 
The results obtained with the Self-feeder calves, which experiment 
was started in 1924 by the writer and reported in South Dakota Exper­
iment Station Bulletin 236 led to the trials herein reported. 
Figures 1, 2, 3, and 4 show a few of the calves in the Self-feeder ex­
periment. Note the characteristic ricket-like conditions of these calves. 
Inasmuch as these calves had free choice of whole ground corn, and oats, 
linseed oil meal and bran, in addition to a good quality of hay, their 
ricket-like conditions were attributed to some factor or factors other 
than feed. It was thought the lack of sufficient sunlight might have been 
the cause for an inadequacy of vitamin D.  
In discussing the results of this experiment the author called attention 
to the small amount of alfalfa hay consumed by the calves, and the com­
paratively large quantity of concentrates, but failed to attribute the 
ricket-like condition to the relatively light consumption of roughage. The 
importance of roughages as a source of vitamin ·n was not revealed 
through experimental work for about seven years after the conclusion of 
these trials. 
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Fig. 1-Calf on Self-feeder experiment showing case of rickets. 
Fig. 2-Calf on Self-feeder experiment, showing ricket-like-conditinons, but not as marked 
as in Figure 1. 
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Experiment 
Eight grade Holstein heifer calves shown in Fig. 5 to 12 were pur­
chased in June, 1927. These calves were divided into two groups of four 
calves each. The calves in each were similar in weight, age and general 
condition. They were two to four weeks of age when purchased from 
farmers, and up to the time of purchase had been cared for in the regular 
manner while in the farmers' herd. 
One group of calves hereafter known as the "sunlight group" was 
placed in a paddock 20 by 40 feet in the cow yard fully exposed to the sun. 
A shelter of boards was provided over one corner of the pen as a pro­
tection against rain and snow. The calves were kept in this paddock con­
tinuously for about two and a half years. The second, or "no-sunlight 
group" of calves was kept in a shed 22 by 50 feet having two windows 
in the east end. They were kept in this shed continuously. The calves in 
both groups were fed whole milk for approximately two weeks, and 
skimmilk up to the age of six months. They were fed alfalfa hay and a 
grain mixture of three parts of corn and one part of oats. When the 
skim milk feeding was discontinued the grain mixture was changed to 
three parts of corn, three parts of oats, one part of bran and one part of 
oil meal. Both groups of calves were fed the same ration and the same 
amount of hay and grain. The quantity of grain and hay was adjusted 
to the groups, and the calves fed as a group, and not as indvidual calves. 
The calves were weighed at 10 day and measured at 30 day intervals. 
They were given the Bang's and tuberculin test at the beginning of the 
trial and found to be negative. 
Fig. 3-Calf on Self-feeder experiment showing lack of middle, as well as ricket-like con­
ditions. 
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Fig. 4-Calf on Self-feeder experiment showing ricket-like conditions. This calf bloated 
frequently. 
The college herd at that time had a number of cows in it which were 
positive to the Bang's Test. The paddock of the "sunlight group calves" 
was lower than the main cow yard hence the surface water of the cow 
yard drained toward the paddock. This is probably the explanation for 
three of the four "sunlight heifers" reacting positively to the Bang's 
Test at breeding age. 
An effort was made to record all heat periods, but the data are not 
sufficiently complete to be of significance. 
Effect of Sunlight on Growth 
It has been shown by numerous workers that calves require vitamin 
D for normal growth. Lack of vitamin D results in a ricket-like condition 
which is manifested by retardation of growth, stiffness, enlarged joints 
and skeletal deformities. A reduction in the calcium and inorganic phos­
phorous level of the blood serum is also indicated. The calves in figures 
1 to 4 show characteristic symptoms of rickets. 
Experimental Results.-Tables 1 and 2 and Charts 1 and 2 indicate 
the growth of both groups of calves compared with normal calves. The 
gain in weight of both groups after the first six months was greater than 
for calves maintained under normal conditions. In about six months the 
"no-sunlight group" began showing better gains than the "sunlight 
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group." The more rapid growth was due no doubt to the fact that the 
"sunlight group" of calves was maintained in the paddock outside during 
the cold winter weather which came on about six months after the project 
was started. The "sunlight group" was restricted to the same feed intake 
Figs. 5 to 12-Pictures of calves just before dividing them into groups. Figures 5 to 8, 
reading from top to bottom, on the left were included in the "sunlight group." 
The calves on the right, figures 9 to 12, reading from top to bottom, were in­
cluded in the no-sunlight group. 
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as the "no-sunlight group" which was housed in comforable quarters. 
The "no-sunlight group" of calves also was sleeker· and showed mor2 
bloom which was as one might expect. 
Effect of Sunlight on Bone Development.-To test the effect of sun­
light on the quality of the bone breaking strengths on the femurs and 
humeri of three "sunlight heifers," and one "no-sunlight heifer" which 
were killed because they failed to breed, were determined on a materials 
testing machine. A six inch span of the bones indicated the following 
breaking strengths :  
Breaking Strength of Bones 
Heifer Group Femur Humerus 
Nunmber 
9106 No-sunlight 1900 4400 
9102 Sunlight 2400 6800 
9 103 Sunlight 1675 4670 
9105 Sunlight 1300 4665 
The testing machine available was too large to be very sensitive, 
however the results indicated no significant differences in the breaking 
strength of the bones of the two groups of calves. 
In previous unpublished work, the author found the breaking strength 
TABLE 1.-Weight of the Two Groups 
Sunlight No Sunlight 
Months Normal Group Group 
lbs. lbs. lbs. 
121 108 110 July 20. 1927 
2 157 133 135 August 
3 200 183 185 September 
4 249 242 248 October 
5 302 302 308 November 
6 349 361 360 December 
7 389 407 415 January, 1928 
8 425 445 475 February 
9 466 506 521 March 
10 501 544 586 April 
11 529 680 652 May 
12 558 654 690 June 
13 574 669 715 July 
14 596 691 750 August 
15 612 729 806 September 
16 643 775 816 October 
17 660 826 906 November 
18 686 873 958 December 
19 715 937 993 January, 1929 
20 746 938 1020 February 
21 774 982 1062 March 
22 796 1015 1092 April 
23 824 1052 1135 May 
24 841 1097 1176 June 
25 869 1117 1198 July 
26 893 1136 1232 August 
27 925 1134 1251 September 
28 966 1151 1308 October 
29 994 1172 1347 November 
30 1021 1192 1391 December 
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Chart 1-A graph showing the average monthly weight of the four "sunlight" and the four 
"no-sunlight calves" compared with the weight of calves maintained under normal 
conditions. 
TABLE 2.-Height at Withers 
Sunlight No Sunlight 
Months Normal Group Group 
Inches Inches Inches 
1 30.2 29.9 29.9 July, 1927 
1 32.3 31.6 31.9 August 
3 34.2 32.8 33.2 September 
4 36.2 34.7 36.1 October 
5 38.0 36.6 37.8 November 
6 39.7 38.9 40.1 December 
7 40.9 40.6 41.5 January, 1928 
8 42.2 42.0 42.7 February 
9 42.9 43.1 43.2 March 
10 43.8 43.8 45.1 April 
11 44.3 45.1 45.8 May 
12 44.8 46.0 46.8 June 
13 45.6 46.5 47.4 July 
14 46.2 47.0 48.6 August 
15 46.8 47.6 48.8 September 
16 47.4 48.3 49.5 October 
17 47.7 48.9 49.8 November 
18 47.9 49.3 50.3 December 
19 48.3 49.6 50.4 January, 1929 
20 48.7 50.4 50.6 February 
21 48.9 49.6 51.0 March 
22 49.2 50.4 51.4 April 
23 49.5 50.8 51.8 May 
24 49.8 51.2 52.7 June 
25 50.2 51.4 52.8 July 
26 50.5 51.4 52.6 August 
27 50.9 51.5 52.8 September 
28 51.1 51.8 53.0 October 
29 51.3 52.1 53.4 November 
30 51.5 52.1 53.8 December 
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Chart 2-A graph showing the average monthly height at withers of the "sunlight and 
no-sunlight calves" compared with calves maintained under normal conditions. 
of the bones of a rachitic calf, (Fig. 13) was much inferior to that of a 
normal calf. The breaking strength of a six inch span of the femur in 
the rachitic calf was 700 pounds and for a four-inch span of th humerus, 
920 pounds. Corresponding values for the normal calf were 2,875 and 
4,000 pounds respectively. Fig. 14 shows the bones of the two calves 
shown in Fig. 13.  Note the difference in density and thickness of the 
bones. The marrow of the rachitic calf was hemorhagic, and did not show 
the healthy appearance of the marrow in the bone of the normal calf. 
Inasmuch as the "sunlight" and "no-sunlight groups" of calves in­
dicated no significant differences in breaking strength, and in both cases 
the breaking strengths were appreciably higher than that shown by the 
rachitic calf, the results seem to indicate that the lack of sunlight had 
no influence on the quality of bones in the calves maintained and fed 
under the conditions of this experiment. 
The data on the blood analysis is too limited to be of much signi­
ficance. Two animals in the "no-sunlight group" show a lower phosphor-
TABLE 3.-Bone Analysis of Experimental Heifers 
Per cent Ash of fat 
Extracted bone 
Per cent of 
Ca in ash 
Per cent of P 
in ash 
Sunlight 
9102 
Femur Rib 
68.772 58.594 
38.66 38.54 
19.63 18.64 
No-Sunlight 
9106 
Femur Rib 
68.937 52.912 
43.17 36.63 
18.67 19.15 
Sunlight 
9105 
Femur Rib 
69.122 53.660 
38.22 37.74 
18.55 18.75 
Sunlight 
9103 
Femur Rib 
70.496 55.298 
40.36 42.79 
18.78 18.85 
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Fig. 13-The calf to the left was a normal calf. The calf to the right was the same age, 
but developed ricket-like symptoms because of the conditions under which it was 
maintained. 
us in the blood than any of the "sunlight heifers," however this may be 
due to inadequate data rather than the influence of sunlight. Cow No. 770 
and heifer No. 771 which represent the fourth and fifth generations main­
tained under no-sunlight conditions show no appreciable decrease in cal­
cium and posphorus of the blood. 
The averages of the blood analysis of the two groups are so close to 
those of normal calves that not much if any significance can be ascribed 
to the effect of sunlight on the calcium and phosphorus of the blood in 
non-lactating heifers maintained under conditions of this experiment. 
Cow No. 770 was milking when the blood sample was taken. 
Fig. 14-The cross sections of the bones are from the calves shown in figure 13. Note the 
difference in thickness and denseness of the bones, also the condition of the 
marrow. 
The first and third bone from the left of the picture are from the rachitic 
calf. The corresponding bones from a normal calf. 
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Influence of Sunlight on the Blood Calcium and Phosphorus 
.Animal No. Ca per P per 100 
100 cc serum cc serum 
9103 
9107 
9108 
9109 
Av. 
9102 
9106 
9104 
9105 
Av. 
(No sunlight group) 
14.55 
11.96 
11.91 
11.76 
12.545 
(Sunlight group) 
14.29 
13.85 
12.52 
14.54 
13.802 
(No sunlight cows) 
*770-(milking cow) 10.76 
*771-(Calf) 11.78 
3.64 
6.82 
4.37 
8.83 
5.915 
5.43 
7.08 
7.97 
8.49 
7.242 
5.23-Fourth generation 
6.17-Fifth generation 
Effect of Sunlight on Reproduction 
Three of the sunlight heifers were positive to the Bang's Test at 
breeding age and failed to conceive. The other heifer required two ser­
vices before she conceived. 
Three of the "no-sunlight heifers" required a total of eight services 
before they conceived, and one heifer failed to breed. None of the "no­
sunlight heifers" were positive to the Bang's Test. 
The fact that three of the "sunlight heifers" failed to conceive, was 
undoubtedly due to Bang's disease, and not due to being maintained in 
the sunlight. The calves from the four heifers which conceived were 
normal. 
One heifer, No. 9108 of the "no-sunlight group," was kept in the 
same shed after calving. She was taken into the main barn for milking 
but otherwise kept in the shed continuously. The progeny of this heifer 
to the fifth generation have been kept under. the same conditions as the 
original heifer calves. 
The calves were fed alfalfa hay, and the standard herd mixture con­
sisting of four parts corn, four parts oats, one part bran and one part 
oil meal. After freshening the milking cows were maintained in the same 
shed but fed the regular herd ration. The ration was adjusted to the 
group before freshening. After freshening the concentrate mixture was 
fed according to milk production, while roughages were fed ad libitum. 
Figs. 15 to 18 show the "sunlight group" of heifers on Jan. 6, 1930. Three 
of the heifers were slaughtered at this time. Heifer 9104 freshened on 
Sept. 9, 1929 and was retained as the "sunlight heifer." Figs. 19 to 22 
show the "no-sunlight group" on Jan.6 1930. One heifer, Fig. 19, was 
slaughtered. 
The breeding records seem to indicate that the animals were regular 
breeders, and that the lack of sunlight had no effect on reproduction. 
It is felt that the animals were maintained under no-sunlight conditions 
long enough so that if the direct sunlight was necessary to normal repro-
•:' G. C. Wallis analyst 
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Fig. 1 5  to 22-Pictures o f  th<! "sunlight" and "no sunlight" groups a t  approximately 
30 months of age, and just befo1·e the second heifer (Fig. 16) from the top, 
on the left side of the picture of the "sunlight" group, were slaughtered. The 
heifer at the top on the right in the "no sunlight" group was slaughtered. Figures 
16, 20, 21, 22 calved normally and were used in later ti-ials. 
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duction it would have been indicated in the later generations. It must be 
borne in mind the "no-sunlight cows" were receiving a good grade of 
alfalfa hay and corn silage, in addition to the grain mixture. The grain 
mixture also contained 1 per cent of salt and 2 per cent of steamed bone 
meal. 
The lack of sunlight has no discernible influence on total milk pro­
duction or per cent of fat in the first lactation or on the per cent of fat 
Fig. 23 to 27-Picture of the five 
generations of dairy animals which 
were maintained without access to 
sunlight. Figure 23 at the top on 
the left of the picture, is the same 
animal as figure 11 and 21 on pre­
vious pictures, No. 9108, the orig­
inal "no sunlight" cow. 
• 
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in succeeding lactations. In the case of two cows which were retained in 
the herd for more than one lactation there seemed to be an appreciable 
TABLE 4.-Breeding Record of the "No-sunlight" Progeny 
No. of cow Generation No.of services Lactations Remarks 
Cow. 
No. 
9108 
104 
104 
104 
152 
152 
152 
770* 
11108 
9108 
104 
104 
104 
104 
152 
152 
152 
152 
770 
771 
First 
First 
Second 
Second 
Second 
Second 
Third 
Third 
Third 
Third 
Fourth 
Fifth 
2 
1 
3 
3 
1 
1 
1 
1 
1 
1 
1 
Too young 
to breed 
First 
Second 
First 
Second 
Third 
Fourth 
First 
Second 
Third 
Fourth 
First 
Sold as breeder 
Sold as breeder 
Sold as breeder 
Sold as breeder 
Sold as breeder 
TABLE 5.-Breeding Record of No-sunlight Heifers 
Generation Cow No. 
First 9108 
Second 104 
Third 152 
Fourth 770 
Fifth 771 
Sire 
P. B. Holstein 
P. B. Jersey 
P. B. Holstein 
P. B. Jersey 
P. B. Jersey 
Dam 
grade Holstein 
9108 
. 
104 
152 
770 
Effect of Sunlight on Production 
Lactation Age Length of Lact Milk Per cent Fat 
y-rn-d M.D. Lbs. fat Lbs. 
First 2-6-15 12-10 12619.3 3.7 467.43 
First 2-7-19 11-20 64843.4 5.2 356.18 
Second 3-8-8 12-18 4547.0 4.6 211.08 
Third 4-10-0 9-13 3739.8 5.0 187.21 
First 1-10-17 12-3 9207.7 4.2 370.26 
Second 2-11-23 10-2 7873.4 3.7 294.05 
Third 4-0-16 6-12 4359.6 3.9 173.12 
First 1-11-9 7-9 5184.8 4.8 251.68 
Sold as breeder while still milking 
d�crease in both milk and total fat production in the second and third 
lactations. Inasmuch as these cows were free of disease and were main­
taind under the same conditions as in the first lactation there is a question 
whether the lack of sunlight had any effect on persistency of production. 
It also suggests the hypothesis that a heavy producing cow may require 
considerable vitamin D for milk production. Therefore the vitamin D 
reserve may be greatly reduced or exhausted in the first lactation and 
the feed may not provide an adequate quantity of the vitamin to continue 
heavy production in succeeding lactations. 
The requirements of vitamin D of dry cows and cows in various 
stages of lactation are being studied at this Station at the present time. 
It  is vastly more difficult to ascertain the effect of sunlight or lack of 
it on production, because of other factors involved which may be more 
significant. Inasmuch as the "no-sunlight cows" were sired by different 
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bulls of two breeds the genetic factor for high and low production may 
have had a greater influence than the conditions under which the cows 
were maintained. 
Effect of Sunlight on the Quality of Milk.-As was indicated in the 
previous discussion, no discernible effect was noted in the quantity of 
milk produced by cows kept under no sunlight conditions except in later 
lactations. In other words the production of the heifers maintained under 
the conditions of this experiment apparently produced as much milk and 
fat as might be expected for the first lactation. 
The milk from the three "no-sunlight" and one "sunlight" heifers 
which freshened was analyzed to especially note the calcium and phos­
phorus percentages. Several samples were takn for analysis. The samples 
of milk taken in June, July, and August are reported in Table 7. 
The milk from the cows maintained under the no-sunlight conditions 
continued to give milk normal in quality. Cow 152 of the third generation 
developed garget during her third lactation. Inasmuch as garget was 
present in the herd and a number of the herd cows had it, no particular 
significance was attached to the fact that the "no-sunlight cow" became 
infected. The lack of sunlight was not believed to be a contributing 
factor to mastitis or garget. 
TABLE 7.-Milk from Sunlight and No-sunlight Cows 
Sunlight cow No sunlight cow No sunlight cow No sunlight cow 
9104 9107 
Per Cent Per Cent 
June samples 
Fat 3.45 3.40 
Total solids 12.073 11.866 
Ash 0.7109 0.764 
Calcium 0.1174 0.1039 
Phosphorus 0.0991 0.09256 
July samples 
Fat 3.40 3.75 
Total solids 12.30 12.61 
Ash 0.7473 0.7532 
Calcium 0.1240 0.1252 
Phosphorus 0.1122 0.1113 
August Samples 
Fat 3.50 4.35 
Total solids 13.05 13.00 
Ash 0.6641 0.6858 
Calcium O.l?.68 0.1270 
Phosphorus 0.1074 0.1233 
NOTES-Total solids determined on Mojonnier 
Ash determined by A.O. A.C. method 
9108 9109 
Per Cent Per Cent 
4.10 3.75 
13.536 12.402 
0.785 0.744 
0.1563* 0.1164 
0.1125 0.0933 
3.90 3.75 
13.34 12.70 
0.7403 0.7292 
0.1454* 0.1594* 
0.1248 0.1435* 
4.10 4.15 
15.38 13.13 
0.8478 0.6809 
0.2133':' 0.1251 
0.1568* 0.1028 
Calcium determined by Tisdal modification of the Kramer Tisdal Method (Jour. 
Biol. Chem. Vol. 47, pp 475.) 
Phosphorus determined by the Briggs modification of the Bell-Doisy Method 
(Jour. Bio. Chem. Vol. 56, pp 255.) 
· 
The analysis of the milk from these cows indicated little difference 
in chemical composition. In the cases designated with an asterisk the 
phosphorus and calcium seemed to be abnormally high. The analyst 
called attention to the fact, and rechecked his work, but could offer no 
explanation. 
There is no reason to believe that cows maintained in the absence of 
sunlight should show higher ash content in their milk than cows main­
tained in the sunlight, hence the slightly higher percentages shown in 
the above instances are probably due to factors other than sunlight. 
J 
\I 
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Effect of Sunlight on the Vitamin D Potency of the Milk.-To ascertain 
any difference which might prevail in the quality of the milk, particularly 
in its vitamin D potency, the milk from these cows was fed to pigs. Prof. 
Turner Wright of the Animal Husbandry Department cooperated in these 
trials. He arranged for three lots of pigs, and supervised their feeding 
and weighing. 
In these trials the milk from 9108 the "no-sunlight cow" and that of 
cow No. 9104, one of the original "sunlight group cows," was fed to pigs 
receiving an adequate grain ration except for vitamin D. Cow No. 9 104 
was in the direct sunlight for at least a part of each day during the trial. 
The basal ration for the pigs consisted of 75 parts white corn, 16 parts 
of linseed oil meal, 10 parts of wheat middlings. A mineral mixture con­
sisting of 28 pO'unds of steamed bone meal, 50 pounds of ground lime 
stone, and 20 pounds of salt was available to the pigs in one compartment 
of the self-feeder used in these trials. There were five pigs in Lot 1, seven 
pigs in Lot II, and five pigs in Lot III. 
The basal ration available to the pigs in the self-feeder was supple­
mented by four pounds of milk per pig per day fed in a metal trough. 
The pigs in Lot I received the milk from the "sunlight cow" No. 9 104. 
The pigs in Lot II received four pounds of milk in addition to the basal 
ration from the "no-sunlight cow" No. 9108. Pigs in Lot III received no 
milk, but the grain mixture in the self-feeder had one pint of standard 
cod-liver oil added to 100 pounds of the grain mixture. 
The three lots of pigs were confined to pens of equal size, with cement 
floors and located on the north side of the piggery. The pens were not 
exposed to sunlight even through window glass. 
TABLE 8.-Results of Feeding Trial with Pigs 
Lot I Lot II  Lot III  
Milk from Milk from Cod liver oil 
sunlight no-sunlight plus basal 
COW plus cow plus ration 
basal ration basal ration 
Number of pigs 5 7 5 
Number of days on experiment 142 142 142 
Av. initial wt. per pig-Lbs. 63.6 65.8 60.0 
Av. final wt. per pig-Lbs. 218.8 184.7 218.0 
Total gain per pig-Lbs. 155.2 118.9 158.0 
Av. daily gain per pig-Lbs. 1.09 0.84 1.11 
Total milk consumed-Lbs. 905 905 
Av, milk consumed 
per pig daily-Lbs. 6.37 6.37 
Total basal ration consumed 
per pig-Lbs. 487.2 387.4 528.5 
Total mineral consumed per 
pig-Lbs. 4.8 2.9 5.5 
Basal ration consumed per 100 
pounds gain-Lbs. 309.9 325.5 334.4 
Mineral consumed per 100 
pounds gain-Lbs. 3.05 2.4 4.11 
T.D.N. consumed per 100 
pounds gain-Lbs. 342.2 383.4 267.3 
A study of Table 8 indicates an appreciable difference in increase of 
weight and in the average daily gain of the pigs in the various lots. 
Inasmuch as the basal ration was the same for all lots such differences 
as occurred can be attributed to the factor or factors present in the cod­
liver oil, and the milk. This factor was presumed to be vitamin D. The 
data in the table indicate several interesting differences in the various 
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lots of pigs, however, this discussion is concerned primarily with the 
quality of the milk from the "sunlight," and "no-sunlight cows."· 
Notes on Conditions of Pigs Receiving Milk.-In addition to the re­
cords of the feed, and weight of the pigs, observations concerning their 
physical condition were noted and recorded. On March 29 or 63 days after 
the trials were started Poland barrow, TL-TOR in Lot I showed crampy 
hind legs, and was reluctant to stand for even a short time. When he was 
forced to stand he shifted his weight from one foot to the other. All the 
pigs on March 29 in Lot I and II indicated signs of stiffness and a stilted 
gait when driven to the scale for weighing. 
The milk was increased at this time from four to eight pounds per 
pig per day. The latter amount of milk seemed to check the development 
of the ricket-like condition in the pigs. 
Pig. 29-Picture of Poland sow from Lot II taken on April 22, seven weeks after the trial 
started, showing marked symptoms of rickets. 
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Fig. 30-A picture of Poland sow from Lot II after exposure to sunlight from April 22 to 
May 17. The ration remained the same. The sow was able to stand and move 
about. Her hind legs were still cramped. 
Fig. 31-Picture of pigs in Lot II taken on May 19, the day on which the milk feeding was 
discontinued in Lots I, and II. Note the condition of Chester barrow, and Duroc 
sow to the extreme left of the picture. 
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On April 10 or about 10 weeks after the trials were started a Poland 
sow, IL-NOR in Lot II showed pronounced symptoms of rickets. She was 
unable to get up, or stand after she was assisted to her feet as indicated 
in Fig. 29. She was moved to a sunshiny spot between the buildings and 
kept for several weeks. She was given access to the same ration but no 
effort was made to record the amount eaten. 
Fig. 30 shows the improvement in this pig in about 25 days of dir2ct 
sunlight. The improvement could on�y be due to sunlight as all other 
conditions remained the same. 
Further development of ricket-like conditions in Lot I seemed to have 
been checked when the milk was increased from four to eight pounds per 
Fig. 32-Pictui·e of Lot I, nine days after the milk feeding was discontinued. The ccncen­
trnte ration and other conditions remained the same. 
Fig. 33-Picture of Lot II, nine days after the milk feeding was discontinued. The concen­
trate ration and other conditions remained the same. The Chester barrow and 
Duroc sow were unable to stand on their feet. Compare with figure 31. 
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Fig. 34-Picture of Lot III, nine days after the cod liver oil feeding was discontinued. 
The concentrate ration and other conditions remained the same. 
pig daily. The pigs in Lot II, particularly Duroc sow IL-TR and Chester 
barrow 20L-TOR moved with difficulty. 
On May 17 the milk feeding was discontinued on the two lots, and. the 
cod-liver oil omitted from the ration of Lot III. Figs. 32, 33, and 34 show 
the condition of the three lots of pigs after the milk feeding was discon­
tinued. Duroc sow IL-TR and Chester barrow 20L-TOR in Lot II were 
unable to stand nine days after the milk had been withheld. They were 
maintained under the original conditions of this experiment except that 
they did not receive milk. 
The pigs in Lot I showed some ill effects when the milk was withheld 
but not as marked as in case of pigs in Lot II. Pigs in Lot III manifested 
Fig. 35-Picture of Lot I taken en June 16 after 18 days of exposure to sunlight. The 
ration remained the same except for the milk. 
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Fig. 36-Picture of Lot II taken on June 16, after 18 days of exposure to sunlight. The 
ration remained the same except for the milk. Note the improvement in Chester 
barrow. The Duroc sow can not be seen in the picture. 
. 
Fig. 37-Picture of Lot III taken on June 16 after 18 days of exposure to sunlight. The 
ration remained the same except for the cod liver oil. 
no ill effects in the time indicated when the cod-liver oil was omitted 
from the grain mixture. 
When the pigs in the several lots were exposed to direct sunlight for 
about three weeks a noticeable improvement took place with the pigs in 
Lot II, particularly with the Duroc sow and Chester barrow, as shown in 
Figs. 35, 36 and 37. 
The trials with the pigs indicated that there was a difference in the 
milk from cows which were exposed to direct sunlight when compared 
to the milk of the "no-sunlight cows." After the pigs had developed 
ricket-like conditions and then were exposed to direct sunlight a marked 
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improvement was noted which would seem to indicate that the sunlight 
was very effective in providing vitamin D. 
The fact that the milk from the sunlight cow showed greater potency 
in preventing rickets in Lot I pigs, would lead one to conclude that the 
direct sunlight did have an appreciable influence on the vitamin D potency 
of the milk of the "sunlight cow." 
Effect of Milk on Experimental Rats.--To further check the effects of 
sunlight on cows, their milk was fed to three lots of rats. 
The three cows whose milk was used in these trials were cow No. 104, 
second generation "no-sunlight." She was maintained in the run-shed on 
dry feed, including a good grade of alfalfa hay, and silage. Cow No. 4A 
was a Jersey-Holstein cross bred cow maintained on sweQt clover and 
rye pastures. Cow No. 365 was a purebred Holstein cow maintained on 
a good barn fed ration including alfalfa hay and corn silage. She was 
placed in a dry lot during the day fully exposed to direct sunlight but 
received no green feed, and had not been on pasture since the previous 
summer. 
These three cows produced milk of practically the same per cent of 
fat and their milk was regarded comparable except for such differences 
as might result from the conditions under which they were being main­
tained. 
Twelve cubic centimeters of milk from each cow was fed daily to each 
rat in the group. The rats were allowed in addition to the milk, Steen­
bock's rachitic ration 2965 (76 parts yellow corn, 20 parts wheat gluten, 
3 parts calcium carbonate, and 1 part of sodium chloride). Each group 
was composed of 12 rats, 4 males, 8 females with three rats in a cage. 
TABLE 9.-Summary of Results of Trial with Experimental Rats 
Group Ration Av. gain in 50 days Av. Ash Av.Ca Av. P 
grams Per cent Per cent Per cent 
Basal only 52.6 37.5 10.7 6.4 . 
Basal and 1 per cent 
cod liver oil 54.7 55.8 18.27 9.23 
Basal plus 12 cc milk 
from cow 104 138.1 56.5 18.75 9.7 
4 Basal plus 12 cc milk 
from cow 4A. 162.3 58.7 19.37 10.6 
Basal plus 12 cc milk 
from cow 365 155.2 57.9 19.62 10.2 
The relatively low gain in weight of Group No. 2 receiving cod-liver 
oil can be attributed to the small amount of the ration eaten. The gain 
in weight of the rats in Groups Nos. 3, 4 and 5 was quite similar with 
slight advantage to the rats on the milk from cow 4A, or the pasture­
fed-cow. 
A typical rat was chosen from each Group for X-ray photograph to 
note any structural difference in the bones. These are shown in Fig. 38. 
A study of the X-ray photograph indicates very little difference in 
the bone structure of the rats in Groups Nos. 3, 4 and 5. The large leg 
bones in the rat from Group No. 4, seem somewhat denser. The ash 
percentages of the tibias and femurs of the rats in Groups Nos. 3, 4 and 
5 were so nearly the same, that no particular significance can be attached 
to the slightly greater ash percentage in case of rats in Group No. 1 ,  
which was on the basal ration. These results show little difference i n  the 
effect of direct sunlight or sunlight and pasture on the milk as shown 
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by the ash percentage of the bones of rats when compared to that of the 
milk from the "no-sunlight cow," which was receiving alfalfa hay, corn 
silage and concentrate mixture. 
It is possible however that the milk from all the cows was adequate 
in vitamin D for normal bone development, and any excess which might 
be due to the conditions under which the cows were mainta�necl, was not 
made evident in the bone ash. It must be borne in mind that the barn fed 
cows were receiving sun cured alfalfa hay which apparently contains 
sufficient vitamin D to protect cows against rickets. It is also probable 
that some roughages are appreciably higher in the anti-rachitic factors 
than others because of the methods of curing and the rate of exposure 
to direct sunlight, and that the particular lot of hay fed was higher in 
vitamin D potency than average alfalfa hay. 
Samples of butter oils from the "no-sunlight cow" No. 104, and from 
cows maintained under pasture conditions were assayed by Guerrant and 
Dutcher of the Pennsylvania State Experiment Station. These samples 
were collected in October. The results reported showed 227 Steenbock units 
of vitamin D per pound for the butter oil from the cow maintained under 
pasture conditions and 64.8 Steenbock units (one Steen bock unit is equi­
valent to 2.7 International Units) of vitamin D per pound for the butter 
oil from the "no-sunlight cow." 
The above assay indicated that the butter oil from the cow exposed to 
direct sunlight and on pasture, yielded three and one-half times as much 
vitamin D as the butter oil from the "no-sunlight cow." Inasmuch as the 
prophylactic or preventive method of testing for vitamin D was employed 
at South Dakota Experiment Station, and the curative method used by 
Guerrant and Dutcher probably explains the difference in results. 
Steen bock and associates ( 1930) in testing the anti-rachitic potency 
of milk from cows maintained in the barn over the winter months, found 
that 12 cc of milk from these cows gave a positive line test, or in other 
words contained sufficient vitamin D to induce healing. The milk from 
these same cows after exposure to three weeks of sunlight proved to be 
the same in its anti-rachitic potency. However later in the fall when the 
cows had been out on pasture and exposed to direct sunlight for several 
months the milk was about twice as potent in its anti-rachitic factor. 
Inasmuch as the cows had been on pasture as well as being exposed to 
the sunlight, the increase in the vitamin D potency of the milk could not 
be attributed to the effect of sunlight alone. 
Wallis of South Dakota Station assayed a sample of fat from "no­
sunlight cow" 152 in May, 193G. This sample showed 0.28+ healing. The 
regular line test procedure was employed. Definite evidence of the 
presence of vitamin D was indicated but not potent enough to be ac­
curately measured. 
Samples of fat from "no-sunlight cow" No. 770 collected in April and 
May, 1937 showed 0.67+ and 1.06+ average healing respectively. The 
regular line test technique was used. When these results are computed 
to International Units per quart of milk the fats indicated 14 and 15 I. U. 
respectively. 
Anti-rachitic Potency of Summer vs. Winter Butterfat.-To further 
check on the possible effect of sunlight on cows and its influence on the 
vitamin D potency of the milk fat produced by these cows, a trial was 
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started in which experimental rats were fed varying amounts of milk 
fat produced under summer conditions and that from cows maintained 
under winter conditions when they are exposed to the direct sunshine for 
only a part of the time. 
The milk fat designated as "summer fat" was secured from farmer 
herds in August. These cows were on pasture and handled in the usual 
manner 
The "winter fat" was secured from the cows in the college herd. These 
cows had -been on pasture during the summer, and were being fed alfalfa 
hay and silage at the time the fat was collected in January. No record 
was kept of the time the cows were allowed outdoor in direct sunlight, 
but the regular herd practice is to allow them access to the out-of-doors 
whenever the weather is fit. It is safe to assume, however, that the cows 
had been exposed to sunshine for at least one day a week. 
This fat was fed to rats divided into five groups with four rats in each, 
for a five week period. 
Results of Trial 
Group Ration Avg. per cent of ash 
1 
2 
3 
4 
5 
Basal ( Steen bock 2965 ) 
Basal plus 5 per cent summer fat 
Basal plus 10 per cent summer fat 
Basal plus 5 per cent winter fat 
Basal plus 10 per cent winter fat 
27.06 
44.28 
47.37 
30.17 
34.56 
The fat was fed as a part of the basal ration. That is the fat was 
melted and mixed with the heated feed on a 5 and 10 per cent by weight 
basis. The rats were fed in separate cages, however, it was imposi�;ible 
to prevent them wasting appreciable amounts of the fat-mixed feed. 
Whether they objected to the fat in the ration or threw out the feed 
searching for more fat was not determined. 
During the month of March another sample of fat was collected from 
the cows in the college herd, on the hypothesis that the vitamin D potency 
of the milk fat might decrease somewhat similarly to the carotene con­
tent of milk. This fat was compared in a similar manner to the previous 
samples on rats. In this trial there were five, instead of four rats in 
each group. The prophylactic method was employed. 
Results of Second Trial 
Ration 
Basal ( Steenbock's 2965 )  
Basal plus 5 p e r  cent summer fat 
Basal plus ten per cent summer fat 
Basal plus 5 per cent winter fat 
Basal plus 10 per cent winter fat 
Average percentage of ash 
28.83 
43.44 
46.56 
37.06 
40.62 
These trials indicate that milk fat produced under either summer or 
winter conditions contained some vitamin D. The milk fat produced 
under summer conditions was appreciably higher in its vitamin D po-
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l<'ig. 3 8-X-ray picture of a typical rat in each of the five groups. These rats were litter 
mates. Note the difference in size and density of bones. 
tency, than milk fat produced under early or late winter conditions. The 
difference in vitamin D potency of summer and winter produced fats was 
greater than when the amount of milk fat was increased from 5 to 10 per 
cent in the rat ration. The 5 per cent summer produced milk fat indicated 
greater vitamin D potency than 10 per cent .of wint'.'r produced milk fat. 
X-ray photographs as shown in Figs. 39, 40, 41 and 42 also show a denser 
bone in the rats receiving summer milk fat. In a study of the X-ray 
negative this is more apparent than shown in the print. 
These data indicate that there is a very marked difference between 
summer and winter milk fats. The 1936 Annual Report of the National 
Institute for Research in Dairying in England, state that, "under South 
of England conditions the sun contributes all and the pasture none of the 
increase in vitamin D potency of butter which takes place in the 
summer." 
The data in this experiment indicated a high degree of vitamin D 
potency of sunshine on the pigs, as well as in the milk from the cow 
exposed to direct sunshine. 
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Fig. 39-X-ray picture of two rats of the group of rats receiving 5 per cent of summer 
producrd milk fat. Note condition of chest and density of leg and tail bones. 
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Fig. 40-X-ray picture of two rats of the group of rats receiving 5 per cent of winter 
produced milk fat. Note th condition of chest and density of leg and tail bones. 
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Fig. 4 1-X-ray picture of two rats of the group receiving 10 pe r cent of summer milk fat. 
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Fig. 42-X-ray picture of two rats of the group receiving 10 per cent of winter produced 
milk fat. Note the density of the bones compared with rats in Figure 41. 
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Summary and Conclusions 
1. Two Groups each of four grade Holstein heifer calves, were started 
on trial to ascertain the effect if any of direct sunlight on their 
growth, reproduction, and production. 
2.  The two Groups were similar in size and other physical character­
istics. One Group of calves was confined to a run-shed which had two 
windows in the east end. The other Group of calves was maintained 
in a pen of approximately the same size as the run-shed in the cow 
yard, but with southern exposure. Both lots of calves were kept con­
tinuously in these quarters. The "sunlight group," as the calves which 
were kept out of doors were designated, had a shelter which pro­
tected them from the rain and snow, but they were fo.rced to remain 
in this pen continuously. 
3. Both Groups of calves were fed the same kind and the same amount 
of feed. 
4.  The ration consisted of liberal allowances of alfalfa hay and a con­
centrate mixture of corn, oats, oil meal, and bran. The ration was 
balanced to the requirement of the Group of four calves. 
5. The calves were weighed and measured at ten and thirty day periods 
respectively. 
6. The calves maintained in the run-shed made good gain and grew as 
fast as the calves kept in direct sunlight. The "no-sunlight calves" 
apparently received sufficient vitamin D for growth from the ration 
fed. The addition of direct sunshine did not indicate any effect on 
growth of the "sunlight group." 
7. No significant difference appeared in the analysis or the breaking 
strength of the bones of the two groups of calves which indicated 
that the "no-sunlight calves" received sufficient vitamin D from their 
ration. At least the bones of the "sunlight group" of calves showed 
no greater breaking strength than the bones of the "no-sunlight 
group." 
8. The calcium and inorganic phosphorus of the blood of the two groups 
of calves were normal and similar. The "no-sunlight calves" remained 
so even to the fifth generation. 
9. No differences could be noted in the reproduction, or the calves of 
cows which were bred and conceived, between heifers which had been 
raised without access to direct sunlight and those raised in direct 
sunlight. The calves from heifers in both lots were normal. 
10. The cows maintained under the no-sunlight conditions were good 
producers. They did not however maintain the same level of produc­
tion in succeeding lactations. The cows remained in good physical 
condition all the time they were kept in the herd. 
1 1 . No significant difference is indicated in the chemical composition of 
the milk from the cows in the sunlight and no-sunlight groups. 
12. The results obtained when the milk from the "sunlight" and "no-sun­
light cows" was fed to pigs indicated an appreciably greater vitamin 
D potency in milk from cows maintained in direct sunlight. 
13. The results obtained when milk fats produced under summer and 
winter conditions, were fed to rats indicated greater vitamin D po­
tency in summer produced fat. Presumably direct sunlight on the 
cows and on their feed were important factors in increasing the vita­
min D potency of the milk. 
32 BULLETIN 319 SOUTH DAKOTA EXPERIMENT STATION 
14. The vitamin D potency of direct sunlight was manifested in its effect 
on the Poland sow. and Chester barrow as well as in the milk of cows 
exposed to direct sunlight. 
15. The X-ray photographs of the experimental rats substantiate the data 
secured in the feeding trials. 
16. The data from these trials indicate that dairy cattle can be raised to 
producing age, will reproduce and produce normally at least for the 
first lactation when maintained in the absence of direct sunlight but 
receiving an adequate amount of sun cured alfalfa hay. 
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